Abstract. The objective of the present study was to investigate the expression of paxillin and focal adhesion kinase (FAK) mRNA in esophageal carcinoma tissues, and their relationship with clinicopathological parameters, as well as to analyze the correlation of paxillin and FAK mRNA levels in esophageal carcinoma. By using reverse transcription polymerase chain reaction (RT-PCR), the mRNA expression levels of paxillin and FAK were detected in 121 samples of esophageal carcinoma, 43 samples of atypical hyperplasia and 56 samples of normal esophageal mucosa. The results showed that the positive rates of paxillin and FAK mRNA expression in esophageal carcinoma were 87.6 and 80.17%, respectively, which were significantly higher (P<0.05) than those in atypical hyperplasia (44.19 and 39.53%) and normal esophageal mucosa (5.36 and 12.5%). Notably, paxillin and FAK mRNA expression levels were significantly correlated with the differentiation degree and depth of invasion of esophageal carcinoma and with lymph node metastasis (P<0.05). In addition, paxillin and FAK mRNA expression levels in esophageal carcinoma were positively correlated (r=0.4804, P=0.000).
Introduction
Paxillin is a tyrosine kinase substrate and a significant cell adhesion molecule. Paxillin is associated with integrin and its related cellular and extracellular matrix molecules. As such, paxillin helps to regulate cell migration, dissemination and other functions, and enhances tumor cell invasion and metastasis (1, 2) . Focal adhesion kinase (FAK) is distributed in the cellular focal adhesion sites and plays a crucial role in the regulation of tumor cell migration (3, 4) . Thus, paxillin and FAK are both related to the occurrence of tumors and their biological behavior. In this study, reverse transcription polymerase chain reaction (RT-PCR) was used to detect paxillin and FAK mRNA expression in esophageal carcinoma, atypical dysplasia and normal esophageal mucosa. This study also investigated the relationship of paxillin, FAK and clinicopathological parameters, as well as the correlation between paxillin and FAK expression, in order to provide a theoretical basis for a molecular diagnostic for esophageal carcinoma.
Materials and methods
General information. Fresh specimens were collected from esophagectomies of 121 patients while visiting the Department of Oncology, Affiliated Hospital, Xuzhou Medical College (Jiangsu Province, China) from March 1, 2010 to March 1, 2011. Subjects included 68 males and 53 females, aged 35 to 80 years; all had no preoperative chemotherapy, radiotherapy or immunotherapy history. Shortly following specimen harvest, two samples were taken from each of three sites -necrosis-free carcinoma (within 3 cm of the expected carcinoma) and distant, normal mucosa. For each tissue, one of the two samples was stored in liquid nitrogen for later RT-PCR preparation. The second sample was fixed using 40 g/l formaldehyde solution for routine pathological diagnosis.
Reagents and primers. Total RNA was obtained using RNA isolator (Takara Biotech Co., Dalian, China), one-step RNA PCR kits were purchased from Takara Biotech Co., (China). The primer sequences were: paxillin (GenBank Accession no. RT-PCR. The total volume for reverse transcription was 25 µl and procedures were performed in strict accordance with the kit instructions. The RT-PCR reaction conditions were: RT reaction at 50˚C for 30 min, RTase inactivation at 94˚C for 2 min; 94˚C for 30 sec, 55˚C for 90 sec and 72˚C for 30 sec, for 35 cycles in total, followed by maintenance at 72˚C for 10 min. Amplified product (5 µl) was separated by agarose gel electrophoresis, then photographed and analyzed using gel imaging software. The ratio of target genes and the internal reference β-actin was used to determine the relative expression level of the target genes.
Statistical methods. SPSS 13.0 statistical software was used to perform the χ 2 test, analysis of variance and rank sum test, as appropriate.
Results
Sample histology. All of the tumor tissues were confirmed as esophageal squamous cell carcinoma by hematoxylin and eosin (H&E) staining and histopathological analysis. The specimens were histologically graded according to the WHO classification criteria (1996). Samples were highly differentiated in 32 cases, moderately differentiated in 54 cases and poorly differentiated in 35 cases. Assessment of infiltration depth was to the deep muscular layer in 27 cases, the superficial muscular layer in 31 cases and the fibrous membrane layer in 63 cases. A total of 31 cases had accompanying lymph node metastasis, but 90 did not have lymph node metastasis. A total of 43 samples of normal, adjacent tissue grade were actually atypical dysplasia, while 56 cases were normal esophageal mucosa.
Paxillin mRNA expression in esophageal carcinoma.
RT-PCR results revealed that the relative expression level of paxillin mRNA in the esophageal carcinoma tissue was 0.874 ±0.034), significantly higher than that in atypical hyperplasia (0.228±0.056) and normal mucosa (0.107±0.032). The difference was statistically significant among the three groups (F=107.289, P =0.000) (Fig. 1) . In addition, the positive rate of paxillin mRNA in esophageal carcinoma was 87.6% (106/121 cases), significantly higher than that in atypical dysplasia (44.19%, 19/121 cases) and normal mucosa (5.36%, 3/121 cases) (χ 2 =110.7345 and P=0.000).
FAK mRNA expression in esophageal carcinoma. RT-PCR was used to detect FAK mRNA expression and the results showed the relative expression level of FAK mRNA in esophageal carcinoma tissue was 0.945±0.062, significantly higher than that in atypical hyperplasia (0.438±0.054) and normal mucosa (0.095±0.024). The difference was statistically signif- Table II . Correlation between the expression of paxillin and FAK mRNA in esophageal carcinoma tissue. icant among the three groups (F=127.238, P=0.000). (Fig. 2) . The positive rate of FAK mRNA in esophageal carcinoma was 80.17% (97/121 cases), significantly higher than that in the atypical dysplasia (39.53%, 17/121 cases) and normal mucosa (2.5%, 7/121 cases) (χ 2 =110.7345 and P=0.000).
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Relationship of paxillin, FAK mRNA expression and clinicopathological characteristics of esophageal carcinoma, and the correlation between paxillin and FAK mRNA.
The relationships of paxillin mRNA, FAK mRNA and clinicopathological parameters of esophageal carcinoma were analyzed by SPSS 13.0 software. Results revealed that paxillin and FAK mRNA expression levels were significantly related to esophageal carcinoma differentiation, invasion depth and lymph node metastasis (P<0.05, Table I) . Furthermore, Table II shows that paxillin and FAK mRNA expression were significantly correlated (r=0.4804, P=0.000).
Discussion
Esophageal carcinoma development involves changes in many genes, yet the specific regulatory mechanisms are still not completely clear (5-7). Paxillin and FAK are two key signaling molecules in integrin-mediated signaling pathways and are closely associated with cell adhesion, tumor cell migration, cell proliferation and cell survival (8) (9) (10) (11) . Some studies have shown that FAK plays a significant role in the integrin signaling pathway (12) . Once activated by the stimulating factor of integrin or non-integrin, FAK will combine with and stimulate other molecules including Src, P130Cas, Grb2, PI3K and paxillin. The combined detection of FAK and paxillin may have more value in detecting tumor cells. Li et al (13) reported that in 100 samples of esophageal carcinoma, 27 exhibited high paxillin gene expression but only 6 samples of adjacent atypical hyperplasia exhibited paxillin expression. In addition, Chatzizacharias et al found that 54/91 cases of esophageal carcinoma had FAK overexpression, and its positive rate of expression was 59.3%. Furthermore, the results also showed that FAK expression was closely related to the differentiation degree of esophageal carcinoma, invasion depth and lymph node metastasis. However, these studies have not simultaneously detected paxillin and FAK expression in esophageal carcinoma or analyzed the relationships between expression of paxillin and FAK.
Results from the current study revealed that the positive rate of paxillin mRNA in esophageal carcinoma tissue was 87.6%, significantly higher than that in atypical dysplasia and normal mucosa. The relative expression level of paxillin mRNA in the esophageal carcinoma tissue was also significantly higher than that in the atypical dysplasia and normal mucosa. The positive rate of FAK mRNA in esophageal carcinoma tissue was 80.17%, significantly higher than that in atypical dysplasia (39.53%) and normal mucosa (12.5%). The relative expression level of FAK mRNA in esophageal carcinoma tissue was also significantly higher than that in the atypical dysplasia and normal mucosa. In addition, the above results suggest that the expression levels of paxillin and FAK mRNA were closely related to development of esophageal squamous cell carcinoma.
Results from the present study also demonstrated a relationship between the expression of paxillin and FAK mRNA and clinicopathological parameters. Paxillin and FAK mRNA were significantly correlated with the differentiation degree of esophageal carcinoma, invasion depth and lymph node metastasis (P<0.05), which suggests a close relationship between paxillin and FAK mRNA expression and occurrence and development of esophageal carcinoma. Furthermore, the correlation analysis demonstrated a positive correlation between paxillin and FAK mRNA expression (r=0.4804, P=0.000), which indicates a significant synergistic effect of these genes and development of esophageal carcinoma. Further studies on the molecular mechanisms of paxillin and FAK in esophageal carcinoma are expected to provide a theoretical basis for the molecular diagnosis of esophageal carcinoma through combined detection of paxillin and FAK mRNA expression. 
